Abstract. As a negative regulatory molecule, T-cell immunoglobulin and mucin domain-3 (Tim-3) is closely associated with tumor immunological tolerance. The aim of this study was to investigate Tim-3 expression in invasive ductal breast cancer (IDC), its effect on clinicopathological parameters and its association with cytotoxic lymphocyte infiltration. Tim-3 protein expression was measured in 150 paraffin-embedded
Introduction
Breast cancer is a major health concern worldwide and the most common type of cancer among women (1) , with a reported 458,000 deaths annually, making it the most common cause of cancer-related mortality among women in developed as well as developing countries (2) . Therefore, there is an urgent need for novel biomarkers for the prognosis and effective treatment of breast cancer. The T-cell immunoglobulin and mucin domain (TIM) gene family was positionally cloned in 2001 from within the T-cell and airway phenotype regulator locus as novel allergy and asthma susceptibility genes (3) . The TIM gene family consists of eight members (TIM-1-8) on mouse chromosome 11B1.1, and three members (TIM-1, TIM-3 and TIM-4) on human chromosome 5q33.2, a chromosomal region that has been repeatedly associated with asthma, allergy and autoimmunity (4) .
Tim-3 was found to be particularly expressed in T helper type 1 (Th1) cells, CD8 + T cells and Th17 cells. At present, Tim-3 expression may be found in innate immune cells, including natural killer (NK) cells, dendritic cells (DCs), monocytes, mast cells and other lymphocyte subpopulations (5) (6) (7) (8) .
In recent years, Tim-3 has been considered to be a negative regulatory molecule, which plays a crucial role in antitumor immunity. However, the mechanism underlying its antitumor properties remains unknown. The aim of this study was to investigate the expression of Tim-3 in 150 invasive ductal breast cancer (IDC) and 100 normal breast tissue samples by immunohistochemistry and determine the expression of Tim-3 in breast cancer tissue and its association with clinicopathological parameters and cytotoxic lymphocyte (CTL) infiltration.
Patients and methods
Patient selection. A total of 150 breast cancer tissue specimens were collected from female patients at the Department of Breast Surgery of the Southwest Medical University Affiliated Hospital (Sichuan, China) between April, 2013 and May, 2014; all the cases were pathologically diagnosed postoperatively. 
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Results
Expression of Tim-3 in the tissue of invasive breast carcinoma and normal breast tissue. Tim-3 was found to be expressed on the surface of the tumor cells ( Fig. 1 ) and CD8 + T cells (Fig. 2 ). Tim-3 expression on IDC cells (98%) was significantly higher compared with that in normal breast tissue (13%; χ 2 =0.195, P=0.000). Similarly, the expression of Tim-3 on CD8 + T cells in IDC tissue (90%) was also significantly increased compared with that in normal breast tissue (23%; χ 2 =11.11, P=0.000; Table I ).
Association between Tim-3 expression and clinicopathological characteristics in IDC patients. The expression of Tim-3 on tumor cells was significantly associated with clinicopathological characteristics, such as gender, age, lymph node metastasis and TNM stage (P=0.015, 0.001 and 0.027, respectively). Our study indicated that the median expression level of Tim-3 on CD8 + T cells was significantly associated with clinicopathological parameters such as lymph node metastasis, TNM stage, WHO grade and molecular classification (P= 0.000, 0.004, 0.009 and 0.000, respectively), whereas it was not correlated with other clinicopathological parameters (all P-values >0.05; Table II) .
Association between Tim-3 expression and the degree of CD + 8 T-cell infiltration. The degree of CD8
+ T-cell infiltration in IDC ( Fig. 3 ) was higher compared with that in normal breast tissue (Fig. 4) . Further analysis revealed that the degree of CD8 + T-cell infiltration was significantly correlated with primary tumor size, lymph node metastasis, WHO grade, Ki-67 and molecular classification (P=0.017, 0.002, 0.007, 0.003 and 0.000, respectively), whereas it was not correlated with other clinicopathological parameters (all P-values >0.05; Table III) .
Furthermore, by evaluating the abovementioned parameters that were statistically significant by logistic multifactor regression analysis, axillary lymph node metastasis, WHO grade, Ki-67 and molecular classification were found to significantly affect the extent of the tumor infiltration by CTLs (all P-values <0.05; Table IV ).
Discussion
Co-opted immune checkpoint pathways are likely involved in the mechanism underlying tumor immune suppression. Tim-3 is a newly confirmed molecule with an important immunological function in several physiological and pathological processes.
Tim-3 was initially found to be selectively expressed on terminally differentiated interferon γ-producing CD4 + Th1 cells and CD8 + cytotoxic T cells (9, 10) , as well as on Th17 cells, DCs, monocytes, regulatory T cells (Tregs), mast cells, NK cells and tumor-infiltrating lymphocytes. It is also expressed on tumor cells, such as melanoma, squamous cell carcinoma, gastric cancer and non-small-cell lung cancer cells, but not on CD4 + Th2 cells (10-18).
Previous studies suggested that Tim-3 may modulate the immune response of Th1 cells and regulate cell immune Table I . Expression of Tim-3 on breast tissue cells and on CTLs in IDC and normal breast or benign lesions. tolerance (19, 20) . Tim-3 has also drawn significant attention in autoimmune diseases, anaphylactic diseases, immune tolerance and antitumor immunity (21, 22) . The Tim-3/galectin-9 pathway plays an important role in the suppressive tumor microenvironment (TME). In a variety of cancers, the overexpression of Tim-3 is associated with poor prognosis (9) .
Expression of Tim-3 on Expression of Tim-3 breast tissue cells on CTLs ----------------------------------------------------------------------------------------------------------
Tim-3 marks the most suppressed or dysfunctional population of CD8 + T cells in preclinical models of solid as well as hematological malignancies; thus, Tim-3 may be a key immune checkpoint in tumor-induced immune suppression (18, 23) .
The Tim-3/galectin-9 pathway contributes to the TME in the human body and Tim-3 is also characterized as a key regulator of the dysfunctional CD8 + T-cell phenotype (18,24) early in the TME, where neoplastic growth is promoted via induction of CD8 + T-cell dysfunctionality (25) . Several recent studies demonstrated that Tim-3 is highly expressed in a large number of tumor tissues types, including cervical cancer (15) , gastric cancer (16), acute myeloid leukemia (23) lung cancer (25) , ovarian cancer (26) and glioma (27) . In this study, the Tim-3 expression on tumor cells and CD8 + T cells of IDC and normal breast tissues was investigated by immunohistochemistry. The expression of Tim-3 in IDC tissue was distinctly higher compared with that in normal breast tissue (P=0.000), which Table II . Association between the expression of Tim-3 and the clinicopathological characteristics of patients with breastinfiltrating ductal carcinoma. suggested that Tim-3 was involved in the pathogenesis of breast cancer via its regulatory effect on various immune cells and tumor cells, indicating that Tim-3 may play an important role in tumorigenesis. The expression of Tim-3 on tumor cells may affect the malignant biological behavior of the tumor.
Tim-3 expression ----------------------------------------------------------------------------------------------------------------------------------------------------On tumor cells On CTLs ---------------------------------------------------------------------------------------------------------------------------------------------
In the present study, we observed that the expression of Tim-3 in IDC was significantly associated with age (P<0.05), reflecting the decrease in the overall immune ability of the body with advancing age. The expression of the negative regulatory immune molecule Tim-3 on breast cancer cells was clearly increased.
Our test results also demonstrated that the strength of the Tim-3 expression on tumor cells exhibited an increasing trend with the increasing number of metastatic axillary lymph nodes and advanced pathological stage. Furthermore, the expression of Tim-3 on IDC cells was significantly correlated with local axillary lymph node metastasis and pathological stage (P<0.05), but the results of our study demonstrated that primary tumor size, WHO grade, Ki-67 and molecular classification of breast Table III . Association between expression of Tim-3 on CTLs and the clinicopathological parameters of breast infiltrating ductal carcinoma. IDC were not significantly associated with the expression of Tim-3 on tumor cells. The possible underlying mechanisms may be as follows: i) A large amount of Tim-3 on the tumor cell surface forms a 'shield' to protect Tim-3-positive tumor cells from the toxicity of immunological effector cells; however, the expression of negative immune regulatory factor Tim-3 does not affect the proliferation and differentiation of tumor cells. ii) In some cases, the size of the primary tumor is large at clinical diagnosis; thus, immune adjustment factors are no longer able to interfere with the growth of tumor cells, or there is a disproportional rate of tumor cell proliferation and immune clearance.
Expression of Tim-3 on CTLs -----------------------------------------------------------
iii) The experimental data may be insufficient; thus, larger samples are required to confirm the findings. In nearly all previous studies, immune cells were identified by specific cluster of differentiation (CD) markers, following immunohistochemical staining of the slides. It is important to distinguish between different types of T lymphocytes, as they all have different functions in the TME. CD8 + T cells play an important role in the TME. CTL is the main antitumor immune cell type, which may identify tumor antigens and eliminate tumor cells with one of two main mechanisms: i) The perforin pathway, or ii) the Fas/FasL-mediated apoptosis pathway. Fourcade et al (28) discovered that Tim-3 was expressed on NY-ESO-1-specific CD8 + T cells in patients with advanced melanoma. They found that the blockade of both the Tim-3 and programmed cell death protein-1 (PD-1) pathways may reverse tumor-induced T-cell exhaustion in patients with advanced melanoma. Our results suggested that the Tim-3 expression on CD8 + T cells was correlated with tumor invasion and TNM stage, which may be due to Tim-3-induced T-cell exhaustion, leading to tumor occurrence.
Our test data demonstrated that the expression of Tim-3 on tumor-infiltrating CTLs increased as axillary lymph node metastasis progressed. Lymph node metastasis and TNM stage, primary tumor size, WHO grade and molecular classification are significantly associated with the expression of Tim-3 on CTL cells (P<0.05).
This indicates that the expression of Tim-3 on CTLs may inhibit the tumor cell-killing function of CTLs. Even in the TME, CD8 + CTLs may transform into CD8 + Tregs, decreasing the tumor-infiltrating CTL immune surveillance, decreasing the local immune function and promoting the growth of tumor cells and metastasis.
The present study analyzed the association of tumor-infiltrating CTLs and the pathological characteristics of breast-infiltrating ductal carcinoma by single factor analysis of variance and demonstrated that primary tumor size, axillary lymph node metastasis, WHO grade, Ki-67 and molecular classification may statistically significantly affect the degree of tumor CTL infiltration (P<0.05).
Furthermore, the abovementioned statistically significant parameters were assessed by multiple logistic regression analysis and the results also demonstrated that axillary lymph node metastasis, WHO grade, Ki-67 and molecular classification significantly affect the extent of CTL infiltration of the tumor. The possible underlying mechanism may be as follows: i) High expression of the negative immunomodulatory molecule Tim-3 on tumor-infiltrating CTLs may result in immune malfunction; as the tumor grows, CD8 + CTLs may transform into CD8 + Tregs. ii) Low degree of CTL infiltration may lead to poor local immunity, which may contribute to tumor growth. iii) The lower the degree of tumor differentiation, the higher its antigenicity, which may cause a stronger local immune response.
In conclusion, Tim-3 is expressed in the majority of solid tumors and tumor-infiltrating CTLs. This finding suggests that Tim-3 participates in the immune escape through the following mechanisms: i) When it binds to its receptor, Tim-3 may induce T-cell apoptosis or immune incompetence; ii) a large amount of Tim-3 on the tumor cell surface may form a 'shield', which may protect Tim-3-positive tumor cells from toxic injury or elimination by CTLs; iii) Tim-3 positive cells may also affect T-cell secretion of negative cytokines or Treg coordination.
Sakuishi et al (18) reported that, in lymphocytes infiltrating solid tumors in mice, co-expression of Tim-3 and PD-1 may be detected. The multi-targeted therapy of Tim-3 and PD-1 has been highly effective in controlling tumor growth. Our study demonstrated that the expression of Tim-3 in breast cancer tissue was negatively correlated with certain clinicopathological parameters; however, the underlying mechanisms remain unclear. Therefore, further research on the multi-targeted therapy of Tim-3 and PD-1 for the treatment of breast cancer.
In conclusion, Tim-3 is highly expressed in breast IDC cells and tumo-infiltrating CTLs. The expression of Tim-3 exhibits a positive correlation with the malignant behavior Table IV . Analysis of multiple factors affecting the infiltration degree by CTLs. of the tumor. The expression of Tim-3 on CTLs is negatively correlated with degree of CTL infiltration, and Tim-3 expression in breast cancer exerts a negative effect on immune regulation. The largest diameter of the primary tumor, the number of metastatic axillary lymph nodes, degree of tumor cell differentiation and molecular classification of breast cancer significantly afect the extent of the CTL infiltration of the tumor tissue.
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